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Abstract: To eliminate the edge breakdown and reduce the dark current of conventional InGaAs/InP
avalanche photodiode, a novel avalanche photodiode with triple-mesa structure was proposed. The effects
of edge distance, doping concentration and thickness of charge layer and multiplication layer on the device
performance were systematically investigated by a commercial simulator. The simulation results shown
that the device was possessed of low edge electric field and reasonable device size, when the edge distance
was 8 pum. In this design, the high electric field was confined within the center of device and the
breakdown voltage was improved. The edge electric field of optimized device was only 2.6 X 10° V/cm,
which was a half of central region at 40 V reverse voltage. What’s more, it can reduce dark current to
9.25 pA at 0.9 V.., which was only 1/3 for the dark current of traditional double-mesa avalanche
photodiode.
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Fig.1 Cross sectionof triple-mesa InGaAs/InP APD
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Table 1 Material parameters of triple mesa InGaAs/InP APD

Parameter Units InGaAs InP
Band gap eV 0.78 1.34
Hole mobility em?/(V e s) 450 151
Electron mobility em®/(V + s) 12 000 4 730
Hole SRH lifetime s 1X10°°¢ 1X10°°7
Electron SRH lifetime S 1X10°° 1X107°
Hole auger cofficient cm®/s 3.2X10 % 8.7X10 *°
Electron auger cofficient cem®/s 3.2X10°% 3.7X10%
Radiative recombination coefficient cm®/s 1.43X10° % 2X10°1
Effectivevalence band density of state cm”? 7.62X10' 2.03X10"
Effective conduction banddensity of state cm? 2.75X 10" 5.66 10"
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Fig.3 I-V characteristics and built in electric field with various doping and thickness of charge layer
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